I. Introductions
In today's era, the use of electric energy has been very common, the electric motor as the electric energy to mechanical energy conversion device accompanied by the widespread use of electrical energy also has been a wide range of popularity and rapid development [1] .In industrial production, compared with the Ac motor, the brushless DC motor has the advantages of low noise, long service life, high efficiency, compact structure, easy to control and so on [2] [3] .The speed regulating systems built by brushless DC motor are often nonlinear and strong coupling control systems, the classical PID control has many advantages, such as simple principle, small steady state error and so on [4] .But there are some limitations and deficiencies, which is that it has better control effect for some linear time invariant systems, and for the control of nonlinear systems, PID control is not good enough [5] . No matter how parameters are set, the control effect is not ideal [6] , so it is very necessary to study a new control method of Brushless DC motor.
II. Mathematical Model Of Brushless DC Motor
The voltage balance equation of three-phase winding of Brushless DC motor is as follows [7] 
u A , u B , u C are stator winding voltage (V); i A , i B , i C are stator phase winding current (A); e A , e B, e C are stator phase winding electromotive force (V);It is assumed that the resistance of the three-phase winding is equal to R S . L A =L B =L C are three-phase winding self-inductance（H）; L AB is the mutual inductance between the A phase and the B phase (H), and L AB =L BA ，L AC =L CA ，L BC =L CB 。 The salient pole effect can be neglected for the convex loaded rotor structure [8] .
Formula (1) can be rewritten into 
III.
Predictive PI Control Method
predictive PI control theory
Predictive PI control is the PI control which guides the current moment using the prediction speed of Brushless DC motor at the next time. The predicted speed of the motor is obtained, do the subtraction with the value of the given speed and the value of the predicted motor speed, and the corresponding error is obtained [9] . This error is obtained from the predicted speed of the motor and the given speed value, so it is predicted error value. The predicted error value is adjusted by the PI control, and then the entirely improve the control effect of the brushless DC motor, the principle diagram of the predictive PI control is shown in figure 1. 
Multi order increment prediction
The key of the predictive PI control method is to obtain the speed value of the brushless DC motor at the next moment. This paper adopts the multi -order incremental method to predict the rotational speed. The multi order incremental method is derived from the first order and the two order.
(1) First order incremental method
The first order increment prediction method is the simplest and most basic prediction method in the multi-order incremental forecasting method, and the principle diagram of the first -order incremental prediction method is shown in figure 2. In figure 2 , the horizontal axis t represents time, the vertical axis n represents the rotational speed of the motor, t 0 represents the current time, the corresponding longitudinal coordinate n 0 represents the true speed of 
The speed increment between the t 1 moment and the t 0 moment is :
Use the first order increment to predict, it can be considered:
According to (10) the motor speed of the t 1 moment can be obtained in the first order:
(2) The n order promotion of the multi-order incremental method
In the process of n order rotational speed prediction, it is mainly divided into three parts, which are the ascending order calculation, the order increment prediction, and the reduced order prediction. According to the order number determine the required actual speed value of the motor at the current moment and before the moment,t 0 represents the current moment, the corresponding longitudinal coordinate n 0 represents the true speed of the motor at present, t -1 represents the last moment. The corresponding n -1 represents the true speed of the motor at the last moment,t -2 represents the last two moments, the corresponding n -2 represents the true speed of the motor at the last two moments, until t -n moment, the speed corresponds to this moment n -n ,t 1 represents the next moment, the corresponding n 1 represents the true speed of the motor at the next moment, and the selected moments meet the conditions:
The corresponding first order increment is calculated according to the known speed value:
The total number of the known motor speed value is N, the total number of the calculated first order increment is n-1. Based on the first order incremental value of the calculated rotational speed, the two order increment is calculated: The calculated two order incremental value of motor speed is a total of n-2. Based on the calculation of the two order incremental value, the same law is used to calculate the rotational speed of the three order until the n order increment, the calculation of the number of n order increment is one, and its value is:
All the n order incremental calculation is completed, for the n order speed prediction, it can be considered：
Do reduced order calculation and calculate the predicted value of the rotational speed, first do n-1 order of reduced order calculation: 
The predicted value of the motor speed of the next moment can be obtained according to the true value of the rotational speed and rotational speed first order increment of reduced order. In theory, with the increase of the order number, the fitting degree of the predicted motor speed to the real speed of the motor is higher. It can be seen that the first order rotational speed prediction method is suitable for the linear variation of the speed curve, and the high order incremental prediction is more suitable for the curve change.
IV. Simulation Verification
The rotational speed prediction model established by MATLAB is shown in Figure 3 . Through the comparative analysis, from the adjustment time and overshoot of the speed, the effect of the predictive PI control is superior to the classic PID control and fuzzy control. In the ability to resist disturbance, after adding the disturbance signal, the fluctuation of the speed waveform is very small, and quickly return to a given speed value, and the static error of the speed is very small. Predictive PI control can make the brushless DC motor speed better in the rapidity, stability, complexity and other aspects of the effect.
V. Conclusions
For some disadvantages of the control method of Brushless DC motor, this paper presents an improved predictive PI control, the rotational speed is predicted by the method of multi-order increment. And the system is modeled and simulated by MATLAB. By comparing the predictive PI control with the classical PID control and fuzzy control, it is proved that the improved predictive PI control has better control effect in the aspects of fast and stable control in Brushless DC motor.
